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er, it has been known that fine triglyceride-droplets can be prepared with only a small amount of surfactant. Actually, Endo and Sagitani reported the preparation of fine triglyceride/water emulsions by the surfactant phase emulsification method using a polyoxyethylenetype nonionic surfactant as an emulsifier (4) .
Polyglycerin fatty acid ester (PGFA) is a safe nonionic surfactant approved as a food additive, which can be used under both acidic and high ionic strength conditions. Miyamoto and Noguchi (5) described the preparation of transparent gel-like emulsions containing a lot of oil by using PGFA polyol.
In this study, we investigated on the effects of sucrose to the phase behavior of triglyceride/PGFA/aqueous solution systems and on the appropriate conditions to prepare fine triglyceride-droplets in aqueous media. We used sucrose as an additive to the oil/surfactant/water system expecting its action to lead fine O/W emulsion since sucrose molecule is a kind of polyol and widely used as a safe and low-cost material in food industry.
Experimental 1 Materials
Polyglycerin fatty acid ester (decaglycerin monooleicacid ester) was obtained from Sakamoto Yakuhin Kogyo Co. Triglyceride (tricaprylic acid glyceride) was purchased from NOF Co. Sucrose was purchased from Wako Pure Chemical Co. All materials were used without further purification. Water used was de-ionized and distilled.
Methods 1 Preparation of an O/W viscous emulsion
Firstly, PGFA and aqueous phase containing various amount of sucrose (0, 20, 40, and 60 wt%) was mixed at the weight ratio of 3 : 2. Then, triglyceride was added very slowly stirring by mechanical stirrer at room temperature to give a viscous emulsion with 80 wt% oil content.
2 2 2 Phase diagram Samples were sealed in test tubes and homogeneity was attained with a vortex mixer at above 90 . The test tubes were repeatedly shaken and then stored in a thermostat bath (25 ). Phase state and presence of liquid crystals were determined by direct visual inspection and / or a polarized light microscopy (OLYMPUS, BH-2) at 25 . Fig.2 . In the sucrose free system (Fig. 1A) , the system appeared as a white viscous state, and oil-droplets of ca. 30 mm-diameter were confirmed in Fig 
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used (Fig. 1B) , the turbidity of the sample was slightly lower than the sucrose-free sample and the particle size of the droplets in Fig. 2B was smaller (ca. 5 mm). For the system containing 40 wt% sucrose in aqueous phase ( Fig. 1C) , translucent viscous state was confirmed but no particles could be observed by microscopy ( Fig. 2  C) . In the case of 60 wt% sucrose system, although a viscous liquid was formed ( Fig. 1D) , a lot of oil phase was separated. These results clearly indicated that the sucrose content influenced the phase state and the emulsion particle size of the PGFA/aqueous solution/triglyceride system. It is known that addition of polyols influence the oil solubilization power of polyoxyethylene-type nonionic surfactant (6) . When liquid paraffin was employed as the oil phase, propyleneglycol or 1,3-butanediol changed HLB of the surfactant toward hydrophilic. When glycerol, D-sorbitol or polyethylene glycol was added, however, the HLB of surfactant changed toward hydrophobic. It is therefore expected that sucrose also changed HLB of PGFA and influenced the phase behavior of the system. To check this idea, we measured the cloud point of PGFA in sucrose solutions since cloud point is correlated to the HLB of nonionic surfactants 7 .
2 Effect of Sucrose on the Cloud Point
of PGFA Estimation of cloud point for PGFA in pure water is difficult since PGFA aqueous solution is turbid (8) and aggregates exist even at room temperature. So, 30 wt% ethanol was added to aqueous solutions of PGFA (1.0 wt%) sucrose (0, 10, 20, 40, and 50 wt%) to give a clear solution. Then, the visual inspection was performed at various temperatures. The estimated cloud points as a function of sucrose concentration are summarized in Table 1 . One can see in Table 1 that the cloud point of PGFA extensively decreased with sucrose concentration. This result clearly shows that sucrose lowered HLB of PGFA toward hydrophobic in the same way as the action of glycerol, D-sorbitol, and polyethylene glycol against polyoxyethylene oleyl ether (6).
As the causes of the effects of polyols on the cloud point of polyoxyethylene-type surfactants, Sagitani, et. al. (6) mentioned two possibilities; 1) dissolution of polyols within the polyoxyethylene chain moiety around the micelles and 2) decrease of water content around the polyoxyethylene chains. Since sucrose merely dissolved in pure PGFA, the former seems hard to occur. Therefore, the latter effect, which indicates the decreased hydration of PGFA head-group (polyglycerin) caused by the hydration of added sucrose, may be the case in the present system. From these results, it is considered that the formation of the fine oil-particles by the addition of sucrose (Fig. 2B and 2C) is due to the change of HLB to the appropriate value for the fine particle formation. wt%. As shown in Fig. 3 , the O/W viscous emulsions were formed for the samples a (turbid) and b (translucent) but not in c and d.
4 Phase Diagram
In order to understand the appropriate conditions for the formation of translucent O/W viscous emulsions, phase diagrams for triglyceride/PGFA/water and triglyceride/PGFA/40 wt% sucrose solution were established (Fig. 4) . For the sucrose-free system (Fig. 4A) , an isotropic surfactant solution phase (D) could be seen in the low water content region with 0 -30 wt% triglyceride. When the oil content was increased above ca. 30 wt%, two phases coexisting region with liquid crystal (LC) oil (O) appeared. In the middle of the phase diagram, three phases region with micelle solution (Wm) LC O could be seen. When the PGFA content became below ca. 20-30 wt%, two phases region (Wm O) was confirmed. In this system, the LC phase was presumed to be lamellar-type liquid crystal according to the previous report (9, 10) and polarized light microscopy observation (see Fig. 5 ). However, the colloidal-domain structure of LC could not be confirmed by small-angle X-ray scattering measurement since the X-ray diffraction intensity was too weak.
For the triglyceride/PGFA/40 wt% sucrose solution system (Fig. 4B) , the two phases region (LC O) became larger and the three phases region (Wm + LC + O) spread toward lower water content area. It should be noted that O/W emulsion gel (Fig. 6) was confirmed in the three phases (Wm LC O) region around 55-65 wt% oil and around 15-25 wt% PGFA composition as shown in Fig. 4B . The gel was anisotropic and no particles could be observed by microscopy.
So, it was considered that the size of the oil-particles in the gel was small since the interfacial tension between triglyceride and LC (or between water and LC) should be fairly lower than that between triglyceride and water. We think this could be the reason why the sample b in Fig. 3 (80 wt% triglyceride, 12 wt% sucrose aqueous solution and 8 wt% PGFA) became the translucent O/W viscous emulsion that consisted of very fine oil-droplets. With the aid of phase diagram (Fig. 4C) , the conditions for the translucent O/W emulsion formation were explained as follows.
Triglyceride was gradually added in this study into PGFA sucrose aqueous solutions to make oil-rich viscous emulsions. The arrows in Fig. 4C indicate the composition variation during the addition of triglyceride for each sample. During this process, the composition of sample c and d changed within the LC O phases region. As the result, they could not give O/W viscous emulsion (Fig. 3) . The composition change for sample a and b, on the other hand, did not pass through the LC O phases region. Besides this, the composition of sample b went through the anisotropic gel region. We presume that this is the cause why the translucent O/W viscous emulsions could be prepared only for sample b in Fig. 3 . It is already known that how the initial mixing ratio of polyol and surfactant was important for the formation of oil-rich emulsions (2) . If oil was added to the sample containing LC phase, one could never get oil-rich emulsions since the added oil merely dissolved into the LC phase.
5 Preparation of a Dilute Emulsion
Finally, we examined the effect of sucrose on the droplet size of diluted emulsions prepared from the O/W viscous emulsion as described in 2 2 4. The O/W viscous emulsion used consisted of 80 wt% triglyceride, 12 wt% aqueous phase and 8 wt% PGFA. The microphotographs of the diluted emulsions are shown in Fig. 7 . As seen in Fig. 7B , the droplet size in the emulsion prepared from the O/W viscous emulsion with 40 wt% sucrose solution was smaller than the sucrosefree emulsion (Fig. 7A) . The mean particle diameter of the former was 3.87 mm while that of the latter was 8.18 mm. Besides, the particle size distribution of the latter emulsion was broad (Fig. 8A) , but that of the former emulsion was sharp (Fig. 8B) . The reason for these results may be that the liquid crystal phase remained in the system even after the dilution and it enveloped the oil-particles to maintain the stability.
Conclusion
From the triglyceride/PGFA/aqueous sucrose solution system, translucent oil-rich viscous emulsion was obtained which contained very fine particles. From the estimation of cloud point of PGFA in sucrose solution, decrease of HLB with the increasing of sucrose concentration was confirmed. When 40 wt% sucrose aqueous solution was used as the aqueous phase, enlargement of three phases (Wm LC O) region and the formation of an anisotropic gel in this three phases region were confirmed in the phase diagram.
By diluting the translucent O/W viscous emulsion, O/W emulsion with a small particle diameter and narrow distribution was obtained. 
